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COXSACKIE VIRUS INFECTIONS IN SOUTHERN AFRICA
BACKGROUND TO THE STUDY
Systematic studies of poliomyelitis and other enterovirus infections occurr-
ing in Southern Africa have been in progress in these laboratories for the
past decade. In many respects these studies have proceeded in parallel with
the epidemiological investigations carried out by Dr. Paul and his
colleagues"2' in North America, North Africa, and in many islands over
the world. They have had a similar purpose-to define the incidence of
these infections and the importance of the diseases they cause in this region.
In Southern Africa there are clearly defined sections of the population who
are distinct in ethnic origin as well as their customs and ways of living.
On the one hand there are those of European descent, most of whom live in
towns and cities with all the amenities of modern civilization, and enjoy a
high standard of living. On the other hand, there are the indigenous African
natives, about half of whom still live in their ancestral lands in which they
generally retain their ancestral customs. Their drinking water is obtained
from springs, streams, and rivers; it is not purified; their huts do not have
waterborne sewerage. The other half of the indigenous African population
have migrated to the cities and towns to help in the development of agri-
culture, industry, and mining, where they generally live in sections of the
towns set aside for their exclusive occupation. Until recently, the housing
conditions in these townships were primitive. Within the last decade, how-
ever, most of the African population of the larger cities has been entirely
rehoused in model townships supplied, amongst other amenities, with
waterborne sewerage and purified water.
It was considered that a study of poliomyelitis as it occurred in these
different sections of the population would yield information of value to our
understanding of the epidemiology of this disease. The findings of such
studies were reported' first in 1948 when it was noted that the incidence of
paralytic poliomyelitis was about 10 times as frequent amongst those of
European descent as amongst the African population. It was also noted that
the paralytic cases in the Africans almost all occurred under the age of 5,
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and the great majority of them under the age of 3, whereas in the Europeans
the paralytic cases occurred in all age groups and many in adolescents and
young adults. The latter tended to be severe and not infrequently fatal.
Serological studies revealed that in all age groups the African population
had a higher degree of immunity than the corresponding European group.
It was concluded that in his more primitive surroundings the African was
more often exposed to infection and so acquired an immunity not shared by
those of European descent living in more hygienic conditions. It was
anticipated that the provision of better housing with better amenities, better
provision of purified water and waterborne sewerage to the African popula-
tion, would result in an increasing incidence of paralytic poliomyelitis. This
anticipation has been realised and the incidence in the African population
relative to that in the European has steadily increased. In a recent epidemic
in East London, a city with approximately equal numbers in each popula-
tion group, there were 3 times as many cases in the African population as
amongst the Europeans. However, the great majority of the cases among
the Africans was in infants.
The trend noted elsewhere in the world of epidemics of increasing extent
and severity has thus also occurred in Southern Africa during the last 20
years. In this time there were a series of epidemics, each more extensive,
each causing more paralytic cases than the preceding one. This trend was
particularly noticeable in the case of the African population and it was
anticipated that it would continue unless something could be done to prevent
it.
Fortunately, this much needed method of prevention is now available in
the poliomyelitis vaccines which have been developed in the last decade.
Such vaccines have been produced in these laboratories and mass vaccina-
tion campaigns to embrace all the susceptible age groups of the entire
population of South Africa have been undertaken.
COXSACKIE VIRUS INFECTIONS
Proceeding in parallel with these studies on poliomyelitis, an investiga-
tion of the medical and public health importance of the Coxsackie viruses
in this region has been carried out.
MATERIAL AND METHODS
The appropriate specimens were collected from the patients and individuals con-
cerned, and taken immediately to the laboratory. For isolation of virus, suspensions
were prepared from the faeces and throat swabs, with penicillin and streptomycin
added. Suspensions of blood and cerebrospinal fluid were not treated.
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These suspensions were then inoculated as a routine procedure into one litter of
one day old baby mice and into two tissue culture tubes of monkey kidney tissue from
monkeys Cercopithecus aethiops pygerythrus. The litter of baby mice was observed
for a period of 14 days for evidence of paralysis, weakness, tremors, and other signs of
illness. Mice developing these signs were sacrificed, pieces of the various organs were
taken and prepared for histological section and examination. A suspension was pre-
pared from the rest of the carcass for passage into further litters, and when indicated,
other studies.
Sections of the organs were microscopically examined for the characteristic lesions
of Coxsackie virus infection.
The tissue culture tubes were examined daily for signs of degeneration, and when
indicated further passages into other tissue culture tubes were made.
When a virus was isolated in tissue culture, it was first tested against poliovirus
antisera. If it proved not to be a poliovirus, it was then inoculated into a litter of baby
mice to determine whether it was a Coxsackie virus. If it proved not to be a
Coxsackie virus it was given to the ECHO virus team for further study.
The types of poliovirus were identified in tissue culture neutralisation tests. The
types of Coxsackie A virus and of Coxsackie B virus were identified in baby mouse
neutralisation tests.
OBSERVATIONS
Pathology in Mice. It may be recalled that Coxsackie A virus infections
can be clearly distinguished from Coxsackie B infections by the lesions they
produce in baby mice. Coxsackie A infections characteristically produce an
extensive hyaline eosinophil degeneration and dissolution of the fibres of
the voluntary muscles, which is associated with an acute inflammatory in-
filtration. An outstanding feature of the disease in baby mice is that, apart
from congestion of the lungs and of the glomerulae of the kidneys, no other
lesions have been described.
Coxsackie B infections characteristically produce an eosinophil degenera-
tion of the brown fat, best seen in the interscapular fat pad. This is as-
sociated with acute inflammation and later with calcification of the fat in-
volved. Foci of eosinophil degeneration associated with acute inflammation
are often seen in the voluntary muscles. In addition, focal lesions of various
organs are often noted. These are most frequent in the liver, pancreas, heart
and brain, but may occur in other organs.
Some observations made on the mice inoculated with the strains of virus
isolated in the course of this study are possibly worth recording. In a pro-
portion of the mice in which Coxsackie A virus produced typical lesions,
it was noted that the thymus was also affected showing degeneration with
pyknosis, and fragmentation of the nuclei of the lymphoid cells. These
lesions were seen in only some of the mice inoculated. It was presumed that
this is a manifestation of Coxsackie A virus infection, but this still has to
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be proved and its relationship to Coxsackie A virus infection still has to be
clearly assessed.
In the case of Coxsackie B virus infections, it was observed that in mice
inoculated with the original suspensions prepared from patients' faeces, the
lesions of the fat pad were usually the most prominent features of the patho-
logical picture. Lesions of the liver were not commonly seen but did occur
in a proportion of the mice studied. Lesions of the heart were also seen, but
their appearance varied from strain to strain and also to some extent de-
pended on the length of time that the mouse survived after it was inoculated.
The longer this time the more likely were heart lesions to be found. This
was also true of lesions of the brain. These were rarely seen in mice
sacrificed before the fifth day after inoculation, but were common in mice
surviving for seven days or more. It was noted further that mice inoculated
with tissue culture derived suspensions of Coxsackie B virus, often showed
extensive, almost complete, degeneration of the liver and extensive involve-
ment of the pancreas at a time when the fat pad lesions were in an early
stage of development. In sections of the liver, the cells typically showed
margination of the chromatin of the nucleus and pallor of the cytoplasm.
Later, the nuclei fragmented and pyknotic fragments of the nucleus were to
be seen in shrunken degenerate cells with the eosinophilic cytoplasm. It is
possible that this marked involvement of the liver by virus derived from
tissue culture suspensions was due to a greatly increased titre of the
inoculum.
Clinical Manifestations
It may be recalled that when Coxsackie viruses were first discovered,
Dalldorf' was careful to emphasize that it was not known what diseases
were caused by them. Since that time, studies carried out in various parts
of the world have revealed that both Coxsackie A and B groups include
important pathogens for Man.
The early investigations carried out in the Department of Preventive
Medicine of the Yale University Medical School were reported on by Dr.
Curnen' at the Second International Poliomyelitis Conference and revealed
that these viruses were apparently responsible for some cases of illness
resembling non-paralytic poliomyelitis and for cases of short feverish illness,
and for Bornholm disease.
Our findings in this field will be briefly noted.
COXSACKIE A VIRUS INFECTIONS
Herpangina. Coxsackie group A viruses have been clearly incriminated
as the cause of herpangina by Huebner and his associates7. Their findings
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have been confirmed in the course of this study and elsewhere. Several
cases presenting the typical clinical picture of herpangina were investigated,
and members of the Coxsackie Group A viruses were isolated from throat
swabs or from specimens of faeces. So far the following types have been
encountered in association with this condition, namely Coxsackie Group A
1, 2, 4, 5, 6, 10, and 22. In one case infected with Coxsackie Al the virus
was also isolated from the blood.
Fever with lymphadenitis. In the early summer of 1953, an outbreak of
an illness clinically resembling glandular fever was studied in collaboration
with Dr. Patz of Middelburg, Transvaal. These patients experienced a
sudden onset of their illness and complained of feverishness and of enlarged,
tender glands, sometimes associated with painful stiffness of the neck. The
fever in the majority of the cases lasted less than 96 hours, but in a few
was as prolonged as 10 days. The glands were painful and tender, and
enlargement of the spleen was detected in three of the patients. No rash was
seen in these cases, but in several patients with a similar condition seen in
Johannesburg at the same time, a few roseola spots somewhat like the spots
of typhoid fever, were seen on the abdomen. This clinical picture closely
resembled that of glandular fever, but the Paul-Bunnell test gave a negative
result in 24 out of the 25 patients tested, and the blood picture was not
suggestive of glandular fever. Coxsackie A virus was isolated from the
stools of several of these patients and from the blood of one of them. The
viruses included type 5 and type 6. The virus isolated from the blood was
type 5, and its isolation from the blood of one of these patients strengthened
the suspicion that it was responsible for the patient's illness and therefore
this outbreak.
Hand, foot and mouth disease. Coxsackie Group A16 was isolated from
an infant in the longitudinal study carried out in the Germiston African
township in 1951. It was not at that time associated with any specific illness.
In 1957 in Canada8, there was an outbreak of illness which was character-
ised by fever, by blisters in the mouth, and by a maculo-papular rash
evolving to a vesicular eruption, involving the hands and feet; the outbreak
has been described by Robinson Doane, and Rhodes8. A Coxsackie Group A
virus immunologically related to A16 was isolated from the faeces of 79%o
of the cases. Since then, similar outbreaks have been described in England
and these have also been associated with infection with Coxsackie Group
A16. Several cases of this condition, aptly described as "hand, foot and
mouth" disease, have been studied recently in our laboratories. From most
of them Coxsackie A virus, identified as Coxsackie A16, in most but not in
all cases, has been recovered. One case of particular interest may be noted.
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This occurred early in 1961 in a 7-month-old baby who, about 7 days after
being vaccinated against smallpox for the first time, developed a vesicular
rash, most marked on the hands and feet, but of fairly general distribution.
This condition was suspected to be generalized vaccinia, but the vesicles
were much finer than the characteristic ones of vaccinia. Coxsackie A16 was
isolated from the patient's faeces and presumably was responsible for the
patient's illness, including the vesicular rash.
Fever w4ith morbilliform rash. "Fourth" Disease. An outbreak of a fever-
ish illness with a morbilliform rash in which the clinical picture resembled
"Fourth" disease combining the features of scarlet fever and rubella
occurred in 1958. Several of these cases were admitted to the Johannesburg
Hospital under Dr. Arnold Jackson, and in collaboration with him, virus
studies were carried out. From a significant proportion of them Coxsackie
A4virus was isolated. The virus was recovered from the blood as well as the
faeces of several patients, clearly implying that it was responsible for the
patient's condition.
Association with cases of paralytic poliomyelitis. As Melnick9 and others
have found in investigations carried out in the United States, so it has been
in South Africa that Coxsackie A virus is often associated with poliovirus
in cases of paralytic poliomyelitis. This association may be coincidental, but
it occurs so frequently that there is a definite suspicion that these two
viruses may, in some way or other, have a synergic effect in producing
paralytic poliomyelitis. Whether Coxsackie A virus alone can produce an
illness resembling paralytic poliomyelitis is a vexing question. However,
from our studies it seems clear that if it can, it only rarely does so, as from
the great majority of the cases of paralysis, poliovirus is isolated. However,
an interesting observation was made in this regard. From a fatal case of
poliomyelitis with bulbar involvement, from which poliovirus was isolated
from the faeces, Coxsackie A, type 4, but not poliovirus, was isolated from
the spinal cord taken post-mortem. Of course it is possible that the polio-
virus which may have been present was neutralised by the patient's anti-
bodies which, at the time of death, had fully developed, and that the Cox-
sackie A infection was an agonal one.
Guillain-Barre Syndrome. Another condition in which there is still
considerable suspicion that Coxsackie A virus may have some role is the
Guillain Barre syndrome, a condition which is not infrequently seen in the
Johannesburg Fever Hospital where most of these patients are admitted
with a diagnosis of poliomyelitis. Many cases occur as post-infective com-
plications of the acute specific fevers, and in this study two cases following
chicken pox and one case following Q fever were investigated. Other cases
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occur which seem to be related to an auto-allergic or auto-immune reaction
to drugs, particularly the sulpha drugs. The aetiology of this syndrome re-
mains uncertain and it is our belief that many cases are not related to Cox-
sackie A virus infection and have some other basis.
On the other hand, in the course of this study, in a consecutive series of
seven cases, Coxsackie A virus was isolated from the faeces of four of them.
Since then Coxsackie A virus has been isolated from a further five cases.
In three the isolation was made from the faeces and in two from the cerebro-
spinal fluid. One of the patients, an adult European woman, died. A Cox-
sackie Group A type 2 virus was isolated from her cerebrospinal fluid
and at post-mortem from the pons and medulla. The other types concerned
in these five cases were respectively one A2, one A5 and one A6 from the
faeces and one A6 from the cerebrospinal fluid.
These isolations strengthen the impression that some cases of this syn-
drome are a manifestation of Coxsackie Group A infection. Others may be
examples of an auto-allergic hyperreactive state occurring as a post-infective
condition.
Meningoencephalitis. Early in the course of this study it was reported'0
that Coxsackie Group A virus was isloated from eleven cases of meningo-
encephalitis. The same virus was also isolated from the cerebrospinal fluid
of three of these cases, a finding which implies that they were the cause of
the patient's illness. Later, an additional seven cases from which Coxsackie
Group A virus was isloated from the faeces of three, from throat swab of
one, and from the cerebrospinal fluid of three.
At that time, in 1955, it was noted that two of the three viruses isolated
from the cerebrospinal fluid did not belong to any of the twenty-one sero-
logical types then recognised. It was concluded, therefore, that they were a
new serological type of Coxsackie A virus. Since then, however, it has been
shown that these two strains were Coxsackie A, type 23, better known as
ECHO type 9 virus". In the following years it may be recalled that this
type of virus was responsible for the most extensive pandemic of aseptic
meningitis in Western Europe and North America. Our findings have re-
vealed that this virus is also one of the commonest causes of aseptic
meningitis in this region, although extensive epidemics similar to those
described in Western Europe and North America have not yet occurred.
In addition to this now well-recognised cause of aseptic meningitis, other
types of Coxsackie A virus have been isolated from the cerebrospinal fluid
in these laboratories and these include types 1, 2, 4, 14, 16, and 23.
There is little doubt about the aetiological relationship to the condition
in these cases. Other types are under suspicion but as the isolation was
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made from the faeces and not from the cerebrospinal fluid or blood their
role is not yet proved.
The types of virus isolated from the cases diagnosed as aseptic meningitis
were as listed in Table. 1.
When infections are as prevalent as Coxsackie A virus infections are, it
is difficult to assess the importance of the finding of the virus in the faeces.
The finding of the virus in the cerebrospinal fluid and blood is of greater
TABLE 1. VIRUS TYPE ISOLATED FROM CASES OF "ASEPTIC MENINGITIS"
Type
Al
2
4
5
6
7
8
9
10
11
16
17
18
22
23
24
No. of isolations
12
5
8
17
6
3
4
4
2
2
1
2
3
5
18
1
Total 93
significance. It is therefore worthwhile to note that during this period
several types of Coxsackie A viruses were isolated from the blood of the
patients concerned (Table 2).
It may also be of interest to note that, in addition to Coxsackie A9 and
A23 (ECHO 9), primary isolations of several other types were made in
tissue cultures inoculated with the original suspensions from patients
(Table 3).
COXSACKIE GROUP B VIRUS INFECTIONS
Early studies reported by Dr. Curnen6, and carried out by the workers in
Dr. Paul's department at Yale University, incriminated Coxsackie Group
B virus as the cause of Bornholm disease and also suggested that the in-
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fection often gave rise to a feverish illness with pharyngitis and to an illness
resembling non-paralytic poliomyelitis or aseptic meningitis. These findings
have been confirmed all over the world and in this region epidemics of
Bornholm disease have been related in turn to Coxsackie Group B2, B3,
and B4 viruses.
TABLE 2. TYPES OF COXSACKIE A VIRUS ISOLATED FROM BLOOD
Type No. of isolations from blood
Coxsackie Al 1
" A4
" A5 10
" A9 1
" A10 3
" A22 4
" A24 1
TABLE 3. TYPES OF COXSACKIE A VIRUS ISOLATED IN TISSUE CULTURE
No. of primary isolations
Type in tissue culture
Coxsackie Al 1
" A2 2
" A4 14
" A5 5
" A6 1
" A7 2
" A10 1
" A16 1
However, it is not only as a cause of Bornholm disease that these virus
infections have attracted attention in this country. Studies carried out in
these laboratories have shown that Coxsackie Group B virus is one of the
commonest causes of meningoencephalitis in this region. Similar cases
occurring in Rhodesia have also been found to be associated with Coxsackie
Group B virus infection. In several of these cases, weakness or even
paralysis of some groups of voluntary muscles was noted. However, in all
of them the condition was transient and no permanent paralysis resulted.
A tendency to mutual exclusiveness of Coxsackie Group B and polio-
virus infections in contrast to the common association between Coxsackie
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A and poliovirus, has also been noted here. However, this exclusiveness is
not absolute, and in several cases of paralytic poliomyelitis from which
poliovirus was isolated from the faeces, Coxsackie Group B virus was also
isolated. One of these patients died of paralytic poliomyelitis.
In the course of this study Coxsackie Group B virus was incriminated as
an important cause of Myocarditis neonatorum. The first evidence in-
criminating this virus as a cause of encephalomyocarditis in newborn
babies was given by Gear and Measroch"' , who studied an outbreak which
occurred in a Maternity Home in Johannesburg in October and November
of 1952. Ten newborn babies became ill while still in, or soon after their
discharge from, the Maternity Home in which they were born. They had
fever and developed signs and symptoms of acute myocarditis; in some
cases, signs of meningoencephalitis. Four recovered and apparently have
suffered no serious sequelae. Six died after an acute fulminating illness
ending in circulatory collapse'l. Post-mortem examination carried out in
three of them revealed that the cause of death was acute heart failure re-
sulting from a focal but extensive myocarditis. In addition, in one case a
focus of inflammation in the brain and of one suprarenal gland was found,
suggesting that the myocarditis was a part of a generalized infection of
which the heart bore the brunt.
Shortly after this, in December of 1952, another outbreak involving three
babies occurred in another Maternity Home. These babies all showed, in
addition to fever and marked tachycardia suggestive of myocarditis, signs
of meningoencephalitis including a pleocytosis of the cerebrospinal fluid.
All recovered, and from the faeces of the only one examined, Coxsackie
B3 virus was isolated.
A third outbreak occurring in a Maternity Home in Umtali, Southern
Rhodesia, was investigated, in collaboration with Dr. Montgomery'4. In this
three newborn babies were affected. Two recovered after being ill about
one week and a third died on the 12th day after birth. On post-mortem
examination the heart showed focal myocarditis. A virus identified as Cox-
sackie Group B was isolated from the faeces and the caecal content of the
baby who died, and from the faeces of one of the babies who recovered.
In 1955, Coxsackie B type 2 virus was isolated from the heart muscle
of a 9-day-old baby who died soon after admission to the Transvaal
Memorial Hospital for Children with fever and signs of myocarditis. Sec-
tions of the heart showed an extensive focal myocarditis similar to that
described in the previous cases. The relationship of Coxsackie Group B
virus to the condition was thus proved.
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The aetiological role of Coxsackie Group B virus in causing this disease,
often fatal in newborn babies, was convincingly confirmed in 1955 by
workers in Holland'5 and the United States. In 1956 Kibrick and
Benirschke' described a fatal illness in a newborn infant from whom Cox-
sackie Group B type 3 virus was isolated from the spinal cord. More re-
cently, Enders and his co-workers"7 in Boston have reported briefly on the
isolation of Coxsackie Group B4 virus from a similar case. Since the first
outbreak occurred in 1952, a number of similar cases have come to our
notice. It is clear that this is an important hazard of the neonatal period.
WAVES OF INFECTION
In addition to incriminating Coxsackie viruses as the cause of a number
of prevalent or important conditions, it also became apparent during this
study that the infections of the different types occurred in waves. This
became clear from a longitudinal study of a group of 20 Bantu babies in
the Germiston African Township begun in 1948 to determine the prevalence
of poliovirus and other enterovirus infections. This study was continued for
five years and during this time all the then known types of Coxsackie A
virus except A13, and all the then known types of Coxsackie B virus except
B1 were isolated. In addition, several new serological types were isolated
and their identification as new types was confirmed by Dalldorf and Sickles.
Among these was A16 which six years later was incriminated as the cause
of "hand, foot and mouth" disease.
The occurrence of waves of infection was also apparent from the isola-
tions made from cases of illness. This was particularly clear in the case of
Coxsackie B infections. In 1951-52 a wave of B3 infections occurred. In
1954 a wave of B4 and in 1956-57 a wave of B2. This was followed by
another wave of B3 in 1959. At no time in this period did a wave of Bi
infections occur. It was therefore with considerable interest that we noted,
in 1960, the appearance of B1 virus for the first time since the study began
in 1948. The first isolations were made from specimens received from Dur-
ban and Bulawayo in July, the next from Nairobi, Kenya, and Salisbury in
Rhodesia in August. Four isolations were then made from patients in
Johannesburg in September.
OBSERVATIONS MADE DURING A RECENT EPIDEMIC OF COXSACKIE Bi INFECTION
It was anticipated that a widespread epidemic would occur. This anticipa-
tion was realised and the most extensive epidemic of Bornholm disease so
far recognised in this area occurred in the summer of 1960-1961. The
features of this epidemic will be briefly noted.
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There were many hundreds of cases, but virus isolation was attempted
on only a few of those admitted to hospital. However, the curve of the
epidemic is reflected in the number of isolations made each month (Table
4).
It was clear from these as yet incomplete typing studies that nearly all
the cases investigated were due to Coxsackie B1 virus, but it is of interest
to note that a few B2 infections also occurred in this period.
TABLE 4. ISOLATION AND TYPES OF COXSACKIE B VIRUS IN THE
1960-1961 EPIDEMIC
No. of isolations Types so far identified
1960 B1 B2
September 4 3
October 14 11 1
November 69 61 1
December 62 49
1961
January 33 22 2
February 15 7 1
March 16 6
April 5 3
May 3 Not done
June 2
CLINICAL MANIFESTATIONS
Examples of all the well-known manifestations of Coxsackie B infection
were seen in the cases admitted to the Johannesburg Fever Hospital and
the Transvaal Memorial Hospital for Children.
Bornholm Disease or Pleurodynia. Most cases presented signs and
symptoms of this condition. It was again noted that in adults, pains in the
chest were more frequent than in children who more often complained of
abdominal pain. Many cases were admitted to hospital diagnosed as acute
appendicitis, and some were operated on for this condition, fortunately
with no ill effects.
Aseptic Meningitis. Many cases of this condition were admitted to hos-
pital and proved to be due to Coxsackie Bi virus by its isolation from the
cerebrospinal fluid.
Myocarditis and Pericarditis. Soon after the isolation of the first Cox-
sackie Bi viruses from cases in Johannesburg, the Medical Officers of all
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the towns and cities of the Witwatersrand were warned that an extensive
epidemic of this infection was anticipated. It was suggested that precautions
should be taken to prevent the introduction of the infection into Maternity
Homes. Such precautions were then taken in all centres. These consisted
of allowing only the husband to visit mothers confined to the Maternity
Homes. All other visitors were debarred. Patients developing a febrile ill-
ness were isolated; nurses developing an illness possibly caused by Cox-
sackie B virus were put off duty for one month after the onset.
In spite of these precautions the infection was introduced into all the
large Maternity Homes in Johannesburg. In most cases the source of the
infection could be traced to a recently admitted expectant mother or to a
nurse. About twenty cases of Myocarditis neonatorum were brought to our
notice and investigated.
Since the Maternity Homes had been alerted to the hazards of this in-
fection, it was possible to isolate the patient and the mother and to close
the affected ward. It was kept closed until all the inmates had been dis-
charged and the ward had been disinfected. In each instance these pre-
cautions prevented further spread of the infection and there were no major
outbreaks such as the one investigated in 1952 when six of ten babies died.
Of the twenty cases, three died.
In addition to infection in newborn babies, cases of myocarditis were seen
in older infants and in children. There were in addition several in adults,
usually associated also with pericarditis. One of these patients, a member
of the staff of this Institute, developed circulatory failure. It seemed likely
that this collapse would have had a fatal outcome except for the fact that
he was in hospital where immediate measures were taken to tide him over
the critical period. After a prolonged convalescence he has fully recovered.
No fatal cases were noted in older children or adults.
This epidemic was of interest in that its occurrence was clearly forecast
from the knowledge gained over the past decade, knowledge gleaned from
data on the Coxsackie virus infections in this region. It emphasized the
value of keeping a check on the state of immunity of the population.
The outbreaks in Maternity Homes also emphasized the need for pro-
tective measures. It appears that the development of a prophylactic vaccine
against the Coxsackie B viruses for selective use to protect non-immune
mothers would be a worthwhile undertaking.
FUTURE TRENDS
The development of prophylactic vaccines and the perfection of other
methods of prevention also appear desirable for a number of other reasons.
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It is believed that the trends, which became so clear in the epidemic patterns
of poliomyelitis since the beginning of this century are being, or will be,
followed by the emergence into greater prominence of other alimentary
virus infections. Until recently, it seemed likely that most of these infections
occurred in infancy and early childhood and contributed to the large
number of mild feverish illnesses experienced during this period of life.
Indeed, this has been shown to be so in a number of longitudinal studies. It
may be anticipated, however, that as hygienic conditions are improved there
will be a tendency for the infants to escape and for the brunt of the infec-
tions to be borne by the older age groups.
When this happens, it is probable that the clinical manifestations will be-
come more severe. They are particularly liable to be severe in adults. The
proportion of adults who, because of lack of earlier infection will remain
susceptible, will probably progressively increase. In time, the proportion of
women of child-bearing age who lack immunity to important pathogens of
this group of viruses will also increase. Whether infection by any of these
viruses contributes to foetal death or malformation is not known. It is also
possible that, in addition to the Coxsackie B viruses, some of the Coxsackie
A viruses and other enteroviruses infecting babies born of mothers lacking
immunity may give rise to severe, possibly fatal illness. These possibilities,
and indeed the whole field of these virus infections, are in need of further
investigation. The studies so far carried out, many of the most significant
in or under the aegis of Dr. Paul's Department at Yale University, suggest
that this continued exploration will be most rewarding.
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